INTRODUCTION
Due to the limited geographic distribution and high degree of endemism, . 95% of obligate cave species in the United States are considered to be vulnerable or in peril of extinction (Culver et al., 2000) . The highly specialized morphological and physiological traits that cave taxa have evolved to survive in cave environments (see Culver et al., 1995) contribute to their vulnerability. Generally, cave taxa have life history traits associated with k-selection, such as a long life span, slow growth, delayed or infrequent reproduction, low reproductive output, and the production of large but few eggs (Culver, 1982; Hüppop, 2000) . Although, these life history characteristics allow taxa to survive in cave environments, they may also limit their ability to respond to rapid changes in environmental conditions (Sket, 1999) . For example, organic pollution of groundwater ecosystems can alter food webs by increasing food resources, which allows epigean (surface) species to survive in caves (Malard et al., 1994 (Malard et al., , 1996 and results in the displacement or extirpation of cave-adapted taxa (Notenboom et al., 1994; Malard et al., 1994 Malard et al., , 1996 Simon and Buikema, 1997; Danielpol et al., 2003) . In addition, species that exhibit k-selected life history traits generally have a lower recovery potential than species that have rselected life history characteristics, i.e., early maturity, high reproductive output, rapid growth, and short life spans (Musick, 1999) . For example, in coastal marine ecosystems overfishing has drastically reduced the maximum size and abundance of many marine fish species (Dayton et al., 1995; Jennings and Kaiser, 1998) . In addition, persistent fishing has been especially detrimental to k-selected species, because their low reproductive rate and slow growth result in their rapid decline and long recovery compared to r-selected species (Musick, 1999) . Understanding the life history characteristics, i.e., growth, life span, reproductive timing, and fecundity, of cave fauna would allow conservation personnel to predict how disturbances of natural and/ or anthropogenic origin might affect a species' population dynamics and evaluate its potential for recovery under various management scenarios.
Gammarus acherondytes Hubricht and Mackin, 1940 , is a federally listed species (USDI 1998) of stygobitic (aquatic, cave obligate) amphipod endemic to a 230-square-kilometer area within the Sinkhole Plain Region (SPR) of southwestern Illinois, U.S.A. (USFWS 2002) . In this predominantly rural region, land uses include agriculture (row crop and livestock fields) and small tracts of forest and rural housing. The construction of residential and commercial buildings has increased rapidly since 1986 (Panno et al., 1996) and this increased anthropogenic activity correlates with the degradation of groundwater quality and alteration of groundwater flow, which is thought to contribute to the decline in populations of G. acherondytes (Panno et al., 1996; USFWS, 2002; Wilhelm et al., 2006) . Thus, a conflict exists between anthropogenic surface activities and the groundwater systems that support G. acherondytes.
Previous studies of G. acherondytes focused on population status surveys (Lewis, 2000 (Lewis, , 2001 (Lewis, , 2003 Lewis et al., 2003; Webb et al., 1998) , presence/absence surveys (Peck and Lewis, 1978) , its micro-distribution within cave streams (Taylor and Webb, 2000) , and population genetics (Venarsky et al., submitted) , but not specifically its basic biology. However, Lewis (2001) provides some ecological information while Taylor and Webb (2000) provide additional data, which suggest that ovigerous females are present primarily in winter. To formulate the federal recovery plan for G. acherondytes (USFWS, 2002) , its life history characteristics were assumed to be similar to those of co-occurring species, all cave facultative (stygophilic -aquatic; non-cave limited) species, or other surface-dwelling amphipod species. While the adoption of a recovery plan is a step in the right direction, it would be more meaningful if such a plan were formulated with data relevant to the species it addresses. This would allow resource managers to directly assess the potential for recovery and formulate appropriate management strategies.
Our objective was to determine the life span, growth rate, and reproductive timing of G. acherondytes. Because the life span of Gammarus troglophilus Hubricht and Mackin, 1940, a stygophilic amphipod that coexists with G. acherondytes, was reported to be ; 1 year (Jenio, 1980) and because obligate cave taxa often exhibit longer life spans than their surface relatives (Culver et al., 1995; Hüppop, 2000) , we hypothesized that the life span of G. acherondytes was longer than one year. In addition, the reproductive activities of stygobitic invertebrate species have been linked to the periodic influx of organic matter, which is a food source (Culver et al., 1995; Dickson and Holsinger, 1981) . Because rain events transport large amounts of organic matter, e.g., leaves and woody debris, into the caves inhabited by G. acherondytes at a fairly high frequency, we hypothesized that reproduction occurred year-round in the study population. We further hypothesized that peaks in reproduction and subsequent recruitment of young would correlate with the main spring and autumn flood events. Lastly, we synthesize our data and show how this information can be used by managers to derive meaningful conservation strategies to aid recovery efforts for G. acherondytes.
MATERIALS AND METHODS

Study Site
Reverse Stream Cave is located in Monroe County, Illinois, U.S.A. in the Sinkhole Plain Region (SPR) of southwestern Illinois, which is bordered by the Mississippi River on the west. The SPR is a continuation of the Ozarks Ecoregion located to the southwest on the west side of the Mississippi River (Nature Conservancy, 2003) . The SPR is underlain primarily by limestone (St. Louis and St. Genevieve strata) with loess and clay soils ranging from 4 to 20 m thick at the surface (Herzog et al., 1994) . Reverse Stream Cave is small, total length ; 50 m, maximum ceiling height ; 1 m ( Fig. 1) , and is a karst window, that allows access to a small portion of the stream of a much larger, but humanly inaccessible subterranean system. The extent of the entire cave is unknown, but includes dark zones similar to other caves in the SPR. Water emerges from an approximately 20 m long by 10 m wide by 5 m deep rise pool at the bottom of a 10 m deep sinkhole, and enters the cave via a small sill. In the cave, the stream varies in width from 1 m to 3 m and a depth of 0.05 m to 0.5 m over a distance of 15 m before it sumps at a shallow ledge. The substrate is composed of large gravel in riffles and fine silt in pools. Organic matter enters the stream via the cave entrance and by transport via the stream, originating elsewhere in the recharge area upstream of the rise pool. Because the cave is so small, the entire cave stream accessible to humans is in the twilight zone. Dark zones are present under the sill in the cave and under the ledge in the rise pool.
The fauna present in Reverse Stream Cave is similar to that in other caves of the SPR. For example, the amphipods, G. acherondytes, and G. troglophilus, the isopods, Caecidotea packardi Mackin and Hubricht, 1940, and Caecidotea brevicauda (Forbes, 1876) and the flatworm Sphalloplana hubrichti Hyman, 1945, have been sampled in the cave (see Lewis 2001 Lewis , 2003 for survey summaries) while small Lepomis sunfish have been observed in the adjacent rise pool on several occasions (Venarsky and Wilhelm, personal observation) . These species are also the predominant species found in the dark zones of deeper caves within the SPR (Lewis, 2003) . In addition, the cave was ranked second highest, using an index of biotic integrity, among eight caves of the SPR surveyed recently (Lewis, 2003) . Thus, although the part of Reverse Stream Cave that can be entered by humans is a twilight zone, the biota present, the proximity of dark zones and connection to a large subterranean system indicate that the cave is similar to others in the SPR and that the information collected here should be applicable to biota in caves across the SPR.
Field Procedures
Quantitative samples for life history analysis were collected at approximately monthly intervals from October 2003 to March 2005 using nondestructive techniques. The technique we used differs from that of Lewis (2000 Lewis ( , 2001 Lewis ( , 2003 in that we did not use a Surber sampler and we stratified our random samples (see below). Flooding of the entire cave precluded sampling in November, 2004 and January, 2005 . On each sampling occasion, temperature, dissolved oxygen (DO), and conductivity, were measured with a YSI (Yellow Springs Instrument Co.) model 58 multimeter, while pH was measured with an Oakton Instruments pH Testr 2 portable pH meter. Discharge was estimated using the velocity-area method (Gore, 1996) . After March 2004 a HOBO H8 (Onset Computer Corporation) temperature logger was used to continuously record the water temperature at an interval of 10 minutes. Water samples (; 6 L) were also collected and returned to the laboratory for the analysis of turbidity with an Orbeco-Hellige model 966 turbidity meter. After determining turbidity, a 200-500 mL aliquot was filtered through a pre-weighed and ashed 47 mm Whatman GFC filter to quantify suspended solids. We used least squares regression to examine possible relationships between turbidity and suspended solids as a function of discharge.
To sample G. acherondytes, the cave stream was divided into five consecutive transects and two to three replicate samples from a 0.01 m 2 area were collected from each transect (Fig. 1) . Because of the low number of G. acherondytes collected with this regime, supplemental samples were collected on each occasion after March, 2004. In addition, as part of another aspect of our investigation we also used bait traps (see Venarsky, 2005 for details of construction) with shrimp meat to attract cave fauna. Data from the bait traps were not included here, except for noting that on some occasions gravid females were found in the bait traps but not in other samples. Supplemental samples were twice the regular sampling area and were collected from transects 3 and 4. All sampling sites within each transect were stratified randomly. We first placed a X/Y grid along the sides of each transect and then identified bedrock and breakdown rocks that could not be sampled. We then generated random X and Y coordinates in SAS v9.0 (SAS Institute Inc., 2003) . If a coordinate corresponded to substrate that could not be sampled, the next random coordinates were used. This avoided having to sample substrate that did not contain any amphipods.
To collect amphipods, a 0.01 m 2 sampling square was placed on the streambed. Then, starting at the downstream end of the sampling square, the substrate was gently disturbed to a depth of ; 4 cm or until solid bedrock was contacted in an upstream direction while holding an aquarium net with a 500-lm mesh directly downstream of the disturbance. Contents of the aquarium net, excluding large rocks and wood debris, were emptied into individually labeled plastic bags containing fresh cave stream water for transport to the laboratory. This ensured that animals were kept alive for return after processing, and was an integral part of our non-lethal sampling procedures to minimize the disturbance to the Reverse Stream Cave ecosystem.
Sample Processing
Samples were individually emptied into a white sorting tray and all amphipods . 8 mm were removed. Because of the high density of small (, 8 mm) amphipods in some samples, it was not possible to remove all individuals in a timely manner. In such cases, a random sub-sample of the small amphipods was removed and processed (see below) after which the sample was poured through a 500-lm meshed sieve and all remaining amphipods were counted. The density of small amphipods in such samples was estimated as a proportion of the processed individuals, which were considered to be a representative sub-sample.
To process amphipods, they were anesthetized with clove oil following the methods in Venarsky and Wilhelm (2006) because it was difficult to handle and determine the sex of live amphipods. This method is an extension of, but differs from the non-lethal sampling protocol developed by Lewis (2000) who examined live specimen with aid of a microscope on location in the cave. Amphipods were identified to species, sexed, classified to developmental stage, and photographed with the aid of a dissecting microscope and a digital camera. After data collection, amphipods were transferred to a container filled with cave stream water in which they were allowed to recover from anesthesia before transport back to the cave and release slightly upstream of the location from which they were collected.
Gammarus acherondytes was identified by its blue/gray body pigment, reduced (non-reniform) eye, and 4 to 5 tufts of setae along the ventral margin of the second peduncular segment of antenna 1, all of which are diagnostic characters (Lewis, 2000) . Total body length (TBL) was measured from the tip of the rostrum to the base of the telson on the digital images with ImageJ (National Institutes of Health; W. Rasband, 1997) . Sex was based on secondary sexual characteristics: a pair of penal papillae on the sternum of the 7 th pleomere for males and oöstegites (brood plates) at the base of the second through fifth pereiopods for females.
Ovigerous females were individuals with eggs in the brood pouch. In general, it was possible to identify and sex animals down to a size of approximately 8.45 mm. If sex could not be determined with the above characteristics, the individual was classified as unidentified. These unidentified individuals were split into pre-juvenile, juvenile, and immature size classes with the aid of size-frequency histograms constructed from the measured lengths and additional analysis of G. acherondytes from the Illinois Natural History Survey invertebrate collection. Based on the analyses of specimen in the collection, we classified individuals , 4.45 mm as pre-juveniles; individuals . 4.46 mm and , 8.45 mm as juveniles, while individuals . 8.45 mm and , 15.1 mm for males, or , 12.3 mm for females were classified as immatures of each sex. The size at maturity for males and females was determined from measurements of the smallest individuals in pre-copulatory pairs collected from Reverse Stream Cave. In gammarid amphipods, a mature male typically guards a maturing female by carrying her with his first two gnathopods. Thus, it seems reasonable that the smallest individuals forming such pairs should be representative of the size at maturity.
Analyses
To determine population structure, growth rate, time to maturity, and life span, length-frequency histograms from the TBL measurements for each sampling occasion were plotted using 1 mm size classes. These histograms were used to estimate the density of the different developmental stages on each sampling occasion. We used the actual density of animals from samples to track changes in the composition of the population rather than percent frequency because we were interested in absolute, not relative, changes in the population.
To estimate the incubation time of eggs, the presence of ovigerous females was tracked along with the density of pre-juveniles. For example, if ovigerous females were continuously present in the population, but prejuveniles appeared at discrete intervals, the incubation time was calculated as the period between the appearances of pre-juveniles.
For cohorts that could be identified, the growth rate was estimated with the mean TBL for each cohort and the linear growth formula:
Where ÁG ¼ growth in mm day À1 , S 2 ¼ mean TBL of the cohort at the end of the time period t 2 ; and S 1 ¼ mean TBL of the cohort at the start of the time period t 1 . We used a linear growth model because the parts of the curve that we wished to compare were best represented by a linear as opposed to an exponential growth model. Because adults are long-lived and young grew rapidly, we were unable to track individual cohorts completely. As a result we could not empirically determine the exact time to maturity or the life span of G. acherondytes. However, we used our data to model a growth curve to estimate the minimum time to maturity. We combined size data from the cohorts that could be identified with the size of mature individuals in pre-copulatory pairs to fit an S-shaped curve by eye to model the growth trajectory. To place our estimates in context, we compared them to values reported in the literature for other cave and epigean amphipods.
RESULTS
Environmental Data
Over the course of the study, the temperature in Reverse Stream Cave ranged from ; 13 to 198C in spring and summer and from ; 7 to 128C in autumn and winter ( Fig. 2A) with an annual mean temperature of 12.8 6 0.188C (Mean 6 SE). Sharp peaks in the continuous water temperature profile indicated the influx of warm water from spring and summer rainstorms, while sharp troughs indicated the influx of cold water from autumn and winter rains or snowmelt. The dissolved oxygen concentration ranged from 15.31 to 4.21 mg/L (mean 9.98 6 0.59 SE mg/ L, n ¼ 18) and the conductivity ranged from 265 to 674 lS cm À1 (mean 593 6 23 lS cm À1 , n ¼ 18), while the pH ranged from 7.5 to 8.93. Discharge ranged from 0.0264 to 0.1435 m 3 sec À1 (mean 0.0826 6 0.0081 m 3 sec À1 , n ¼ 18). Turbidity ranged from 1.5 to 92.8 Nephlometric Turbitity Units (NTU) (mean 28.1 6 8.2 NTU, n ¼ 13) and ash free dry mass of suspended solids ranged from 0.3 to 86.7 mg/L (mean 9.1 6 3.0 mg/L, n ¼ 39). No relationship was found between turbidity or total suspended solids as a function of discharge (F 1,12 ¼ 0.97, P ¼ 0.35, r 2 ¼ 0.081, n ¼ 13; F 1,12 ¼ 0.22, P ¼ 0.65, r 2 ¼ 0.02, n ¼ 13, respectively; data not shown).
Variation in Abundance and Reproductive Timing
The population density of G. acherondytes varied 50 fold during the study, ranging from 2.5 to 202 individuals m À2 (Fig. 2B) . The rapid declines in population density occurred with flood events, as indicated by the spikes and troughs in the temperature profile (see above) ( Fig. 2A , B, C), and were followed by gradual increases (Fig. 2B, C However, when present, prejuveniles and juveniles accounted for . 50% of the total population density (Fig. 2C) . Peak densities of pre-juveniles and juveniles (Fig. 2C ) also coincided with the peak density of ovigerous females in April and October 2004. Thus, two periods of recruitment were identified, one in late winter to late spring (February to May) and one in late summer to autumn (August to October) (Fig. 2C) ; these periods will be referred to below as spring and autumn, respectively. (Fig. 3) . These data show that G. acherondytes reached the immature stage in 7 to 8 months. Projecting these growth rates forward, we estimated the minimum time to maturity to be between 14 to 16 months depending whether young were released in spring or autumn, respectively. Our literature survey showed that time to maturity varied from four to five months, while life span varied from 1 to 10 years for other amphipod species (Table 1) . DISCUSSION Ideally, a recovery plan for an endangered species would be formulated based on complete knowledge of the species' biology. However, often this is not possible due to time constraints between recognizing a species is endangered and protecting it, or the presence of so few individuals that permanently removing any for study is not an option. This is the case for G. acherondytes. Because many populations have a low or declining density (Lewis, 2003) , the use of traditional sampling techniques, which involve lethal take, is not justifiable. This limited the type of life history information we were able to collect. For example, we were unable to collect information on the number or size of eggs because females carry the developing young in a ventral brood pouch and it is not possible to count or measure eggs without sacrificing females. However, we were able to obtain significant life history information on G. acherondytes using non-lethal repetitive sampling procedures without impairing the Reserve Stream Cave population.
The hydrology of Reverse Stream Cave is complex and made it difficult to quantify discharge. We were able to obtain base flow estimates, but had difficulties at higher discharges because flooding prevented us from entering the cave. It was not uncommon for the entire cave to fill as discharge increased moderately and for the entire sink containing the cave to fill at high discharge and overflow via a channel to the north. Because it was not feasible to measure the velocity of water passing through inaccessible passages, which were generally dry under base flow conditions, it was impossible to derive a stage-discharge curve for the cave stream and thus estimate discharge, even with a continuous recording depth logger. Hence we used temperature to identify major flood events. Groundwater recharge in karst areas is rapid in comparison to water recharge in sand and gravel aquifers. In the latter, water travels an average of 0.17 to 1.52 meters per year, while in karst aquifers water can move 1.6 kilometers or more per day (Aley and Moss, 2003) . Thus, the influx of water from large storms and winter snowmelt can quickly increase water velocity and alter its temperature in karst terrain. Studies in other caves in the SPR, where discharge could be obtained, have shown a direct relationship between the departure from the average temperature and discharge (Taylor and Webb, 2000) . In addition to rapid temperature changes, large amounts of organic matter, i.e., leaves and woody debris, also enter cave streams in the SPR during floods (MPV, personal observation). Thus a continuous record of water temperature can also indicate the influx of organic matter.
We found the density of G. acherondytes to be unusually low at times when discharge was above base flow. This suggests that similar to surface stream invertebrates, the amphipods seek refugia from high discharge (Olsen and Townsend, 2005 ; and references therein). Sampling to a depth of 4 cm or to bedrock did not reveal any amphipods, indicating they either moved deeper into the substratum or to other areas of the cave that were inaccessible with our sampling methods or to human entry. Researchers should be aware that discharge in cave streams can affect the density of organisms on any sampling occasion much like in surface streams. The gradual increase in the density of amphipods following large floods suggests that they may have moved well away from the humanly accessible part of Reverse Fig. 3 . The modeled growth curve for G. acherondytes using the mean total body length for identifiable cohorts. Bars represent the range in total body length. Growth trajectories for identifiable cohorts were projected forward by eye to the size range of immature adults (IM), mature females (MF), and mature males (MM) as shown by sample data for 24 July 2004 on right (Other date-specific data for non-identifiable cohorts were omitted for clarity). Cohorts are identified by the time and year of their major peak of release.
Stream Cave. The disappearance of amphipods at high discharge has also been noted in Illinois Caverns in the SPR (Wilhelm et al., 2006) and in laboratory studies (Culver, 1971) .
The reproductive periods of amphipod species are traditionally identified by the presence of pre-copulatory pairs or ovigerous females (Zieliński, 1998; Iversen and Jessen, 1977) . Taylor and Webb (2000) noted the presence of large G. acherondytes individuals and ovigerous females primarily in winter in four caves of the SPR. They also reported the presence of ovigerous females of G. troglophilus in April and August. Jenio (1980) concluded that G. troglophilus reproduced continuously in spring runs in southern Illinois based on the year-round occurrence of ovigerous females. However, he identified two main reproductive periods, one from June to July and one from November to December during which the density of ovigerous females was higher than at other times of the year. Similarly, Kostalos (1979) found a peak in the density of ovigerous females of Gammarus minus Say, 1818, in a Pennsylvania spring run between winter and early spring even though ovigerous females were present year-round. These latter two examples are similar to our findings in Reverse Stream Cave, where ovigerous females were present year-round, but two major periods during which pre-juveniles and juveniles were present could be identified. In animal populations, peak densities of females typically precede those of young. The pattern of direct overlap in our data may have been due to sampling at too low of a frequency, only once per month, to resolve distinct peak densities of females and young. Alternatively, the direct overlap may be a result of a combination of factors such as the size and exact release of young from ovigerous females that we sampled each month, the size and number of young released by females, both before and during the peaks, and the survival of young released at different times of the year. The occurrence of two distinct peaks of pre-juveniles suggests that the majority of reproduction is highly seasonal. However, the year-round presence of ovigerous females suggests that some young may be released outside of these main reproductive periods. Thus, our original hypothesis of continuous reproduction was not well-supported given the strong seasonality in the appearance of young. The specific cues that trigger or maintain the seasonal reproduction in caves of the SPR remain to be examined, as they differ from deep cave systems in which the fauna lack seasonality in life history characteristics (Dickson and Holsinger, 1981; Culver et al., 1995) .
Several factors could explain the seasonality in the production of young in Reverse Stream Cave. First, it may be related to the seasonal changes in the water temperature. The incubation time of embryos in amphipods is inversely related to water temperature (Steele and Steele, 1975; Borowsky, 1980; Welton and Clarke, 1980; Marchant and Hynes, 1981b; Wilhelm and Schindler, 2000) . At the low water temperatures observed in Reverse Stream Cave in late autumn and winter, the estimated incubation time was 90 to 120 days compared to only 30 to 60 days for summer when the water temperature was warmer. Reproductive activity could also have been stimulated by the temperature transitions. For example, Culver et al. (1995) reported that laboratory cultures of G. minus from cave and spring populations were induced to reproduce when the water temperature was decreased from 108C to 48C. Alternatively, the release of young may be timed to coincide with seasonal flood events. Floods import organic material into the cave, which can be a food source to amphipods and other cave fauna (Marchant and Hynes, 1981a; Dickson and Holsinger, 1981; Culver et al., 1995) . Thus, the release of young into a food rich environment would enhance their chance for survival. Controlled experiments would be necessary to tease apart any potential interaction between these two explanations.
Growth Rates and Time to Maturity
In general, the metabolic rate and growth rate of poikiliotherms depend on the ambient temperature (Peters, 1983; Schmit-Nielsen, 1995) . Thus, the differing patterns of growth observed between spring and summer cohorts of G. acherondytes can be explained by differences in water temperature. Young released in autumn have a short period of time before the water temperature declines during late autumn and winter. In contrast, young released in spring experience an increase in water temperature shortly after their release and have a much longer time period during which to grow at high water temperatures. It would be interesting to determine if individuals from autumn and spring cohorts differ in ways that are manifested at maturity, e.g., size at maturity, number of-or size of eggs, which could influence the dynamics of the population.
Growth rates for other stygobitic amphipod species were not found in the literature, making it impossible to place our rates in context. Comparison to epigean species shows the growth rates of G. acherondytes to be low. Fredette and Diaz (1986) reported field growth rates for Gammarus mucronatus Say, 1818, a warm temperate estuarine species, of 4.0 3 10 À2 mm day À1 and 11.0 3 10 À2 mm day À1 for winter and spring, respectively. Welton (1979) calculated growth rates for Gammarus pulex Linnaeus, 1758, ranging from 3.0 3 10 À1 to 8.0 3 10 À1 mm in winter and summer, respectively. Data for G. pseudolimnaeus Bousfield, 1958, Bousfield, 1958 show that growth was constant at a rate of 3.8 3 10 À2 mm day À1 from the time young first appeared in samples in April 1977 until they matured in October 1977 (Marchant and Hynes, 1981b) . In the laboratory, the growth rate of G. mucronatus at 58C, 148C, and 238C was 1.0 3 10 À2 mm day À1 , 6.0 3 10 À2 mm day À1 , and 6.0 3 10 À2 mm day À1 , respectively (Fredette and Diaz, 1986) . Growth rates of other species of Gammarus, i.e., G. minus and G. troglophilus, that are present in the SPR would better serve to place the G. acherondytes growth rates into context, but are not available either. In general, our literature search showed that ecological information of cave amphipods lags far behind that of surface species and suggests an avenue of future research.
Compared to other amphipod species, the time to maturity for G. acherondytes is more similar to epigean than hypogean species. However, our estimated time to maturity for G. acherondytes is a minimum estimate. The hypothesized growth curve was constructed assuming that growth did not plateau before each cohort reached the adult size class. If the growth rate of G. acheorndytes is similar to that of other aquatic invertebrates that require multiple growing seasons to reach maturity, e.g., Skadsheim (1984) , Adare and Lasenby (1994) , then its time to maturity would be longer than 14 to 16 months. However, to accurately determine this would require clearly identifiable or nonoverlapping cohorts, and remains difficult to determine in natural systems. Although the time to maturity could be established from laboratory experiments, the lack of naturally varying food and environmental conditions may influence such results. A mark-recapture program that specifically addresses small invertebrates with multiple cohorts would be ideal, but remains to be developed. Estimates of longevity for individuals in populations with overlapping cohorts and indeterminate growth are also problematic. Based on our data, we are certain that G. acherondytes lives for at least 14 to 16 months, which supports our hypothesis of a life span longer than 1 year. Without additional data, it is unrealistic to speculate on a maximum life span. However, such data are important to account for the contribution of females in population models. For example, Dickson and Holsinger (1981) reported an expected life span of 8 to10 years for the cave amphipod Crangonyx antennatus Cope and Packard, 1881. It is not unrealistic to expect long-lived amphipods to have multiple reproductive cycles similar to other invertebrates (Sainte-Marie et al., 2006) . Whether G. acherondytes is semelparous or iteroparous remains to be determined.
Management Implications
Based on our results, we believe that populations of G. acherondytes have a high potential for recovery if disturbances, i.e., degradation of groundwater quality, that lead to population declines are removed. Given the two reproductive events per year, the high percentage of prejuveniles and juveniles in the population and the time to maturity, we would predict that populations should recover relatively rapidly. In addition, in Reverse Stream Cave we classify the two periods of peak density of ovigerous females and pre-juveniles as sensitive periods during which the disturbance to the population should be minimized.
Limiting the access to heavily visited caves during these times would be a simple strategy to increase the abundance of G. acherondytes and improve its recovery. However, to assess the potential for recovery of G. acherondytes unambiguously, additional life history information such as fecundity and number of reproductive events per lifetime is required.
Our data indicate that it should be possible to establish a self-sustaining laboratory culture of G. acherondytes within ; 1.5 years. Such a culture would offer several benefits to researchers. It could supply individuals to determine the life history characteristics that require the sacrifice of individuals. It could also supply individuals for experiments with lethal endpoints. Currently, little is known about how G. acherondytes responds to varying concentrations of metals, pesticides, fertilizers, or oxygen. All of these occur in its natural environment (Panno et al., 1996; Taylor et al., 2000; Webb, 2000, Panno et al., 2006) . Although the recovery plan suggests the use of G. troglophilus to serve as a surrogate species for G. acherondytes, studies have shown that hypogean species can be more sensitive to groundwater contaminants than epigean species (Mösslacher, 2000 and references therein) . Thus, experiments with a surrogate species may not accurately predict outcomes of exposure for G. acherondytes. Finally, such a population could also supply individuals for reintroduction to the wild.
Often, ecological studies on endangered species are constrained by logistical issues such as a low population density, which precludes lethal sampling techniques. Here we showed that a non-lethal sampling technique allowed the continuous sampling of the Reverse Stream Cave population of G. acherondytes for 16 months without negative effects. Such an approach can provide basic life history information for the development of meaningful management strategies of endangered taxa.
